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ABSTRACT

Rice bran, a by-product from rice milling, is an excellent
source of natural antioxidants. Lipids in rice bran appear as small
spherical droplets called oil bodies. This work attempted to recover
the oil bodies from rice bran (fresh, stored and heat-treated) and to
determine their chemical, biochemical and physical properties ex vivo.
As revealed by transmission electron microscopy, oil bodies were
observed mainly in the sub-aleurone and aleurone layer of brown
rice. Oil bodies were successfully recovered from rice bran and were
enriched in tocochromanols and oryzanol (656 - 1,006 mg/kg lipid
and 8,880 - 9,692 mg/kg lipid respectively). Further washing to
remove extraneous protein and non-associated compounds, effective
lipid concentration increased while protein concentration decreased.
The washed oil body preparation contained approximately 35 - 68 %
tocochromanols and 60 - 62 % oryzanol of the parent rice bran oil.
Therefore, the majority of tocochromanols and oryzanol molecules
appeared to be intrinsically associated with rice bran oil bodies ex
vivo. Fatty acid composition of rice bran oil bodies was similar to that
of parent rice bran. SDS-PAGE of proteins present in differentially
washed oil body preparations revealed similar protein profiles;
however, there was a relative enrichment of the bands at 16 - 18 kDa
(typical molecular weight of oleosins). Rice bran oil bodies
possessed negatively charged surface (-30 mV) at neutral pH. As the
pH of the oil body suspension was lowered to the pH near pl (about
pH 4 - 5), zeta potential of the oil bodies approached zero and the
suspension had the least physical stability; aggregation and the least
relative turbidity.

The biochemical instability of rice occurs immediately after
milling, which leads to the limited use of rice bran for human
consumption. Free fatty acids and lipid hydroperoxides in rice bran
and corresponding oil bodies increased significantly (P<0.05) during
storage. Oil bodies recovered from stored rice bran aggregated and
coalesced. 41% of tocochromanols in the oil bodies had
decomposed while the concentration of oryzanol was relatively stable
during the storage. Rice bran heat treatments (pan roasting and
extrusion) caused the coalescence of oil bodies in vivo and the
instability of an oil body suspension ex vivo.

The main findings of this study were that rice bran oil bodies
were enriched in phytochemicals including tocochromanols and
oryzanol and were resistant to oxidation providing that the oil bodies
were still intact. The oil bodies could delay the onset of lipid oxidation
of stored lipids inside the oil bodies. This may be explained by the
physical barrier of surface membrane protein (oleosin) against pro-
oxidants and the intrinsic association between the oil bodies and
phytochemicals in rice bran.
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CHAPTER 1 Introduction

1. INTRODUCTION

Rice is a major cereal crop cultivated globally. Rice bran, a by-
product from rice milling, is mainly used as animal feeds because of
the rapid hydrolysis of oil into free fatty acids. The biochemical
instability of rice bran occurs immediately after milling. However, it is
an excellent source of inexpensive, high content bioactive
compounds. Rice bran is rich in natural antioxidants including
tocochromanols (tocopherols and tocotrienols) and oryzanol.
Conventional rice bran oil extraction and refining alter the
composition of the oil. A considerable amount of these

phytochemicals is lost in the processes.

Lipids in rice bran appear as small spherical droplets called oil
bodies. These organelles have been recovered from oilseeds and
display surprising physical and chemical stability ex vivo. Very little
work, however, has been done to characterize oil bodies from cereal
grains. The work described in this dissertation attempted to recover
the oil bodies from rice bran (fresh, stored and heat-treated) and to
determine their chemical, biochemical and physical properties ex vivo.
The underpinning idea for this work is that oil bodies could be
recovered from rice bran at different stages of deterioration, and

provide oxidatively-stable rice bran oil as a natural emulsion that is
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rich in phytochemicals (tocochromanols and oryzanol) and low in free

fatty acids.

1.1. Rice production

Rice is one of the staple foods for human consumption,

especially in East and South East Asia, where it supports nearly half

of the world’s population. Total annual world productions of rice bran

oil and rice paddy in 2007 were 0.83 and 523 million tonnes

respectively. Annual world production of rice bran oil and rice paddy

in 2007 is compared in

Figure 1.1

While most countries in East and

South East Asia were the world top rice paddy producers, only some

countries such as India, China, Japan and Thailand produced rice

bran oil.

700,000 ~
600,000 -
500,000 -
400,000 - &
300,000 -

200,000 -

Rice bran oil production (tonnes)

100,000 -

-

- 250,000,000
—=RBO
—&— Paddy - 200,000,000

- 150,000,000

- 100,000,000

Paddy production (tonnes)

- 50,000,000

0

India  China

Japan Thailand Brazil Viet

Nam

Country

Figure 1.1 Comparison of annual world production of rice bran
oil and rice paddy from different countries in 2007 (FAOSTAT,

2007)
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Since rice bran oil can be extracted only from the large milling
operations where stabilization systems are economically provided,
only 11 % of the rice bran produced was used for rice bran oll
extraction in 2007. Rice bran oil represented about 1 % of the total
annual world vegetable oil production. Despite the very small
production of rice bran oil relative to other common vegetable oils, it
offers several unique properties that are very attractive for niche

markets.

1.2. Rice structure

Rice (Oryza sativa) is a monocot which classified into Clade

Commelinids, order Poales and family Poaceae (formerly Gramineae

or grass) (Chase, 2003). Rice grain or rice kernel (Figure 1.2

composes of hull (20 %), bran and germ (10 %), and starchy

endosperm (70 %) (Orthoefer, 1996).

Endosperm
e i Ol

Palea

—
Pericarp l'

Aleurone |
Starchy endosperm

Subaleurone

Figure 1.2 Rice kernel structure (Champagne, 2004)
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1.3. Rice milling

Rice milling is a process which removes foreign materials,
husk, bran and broken kernels from rice and produces the grain for
various commercial purposes (Champagne, 2004). Rice milling
operations are composed of five major stages including 1) cleaning
of paddy, 2) removal of husks from rice kernels, 3) removal of bran
layers from brown rice, 4) milled rice grading or removal of broken

grains, and 5) blending and packaging of milled rice.

Paddy rice or rough rice is the rice harvested from the field.
The rice kernels are still encased with protective husks. The paddy
rice is fist cleaned to remove different types of impurities before
introducing rice into the milling facility. Contaminants such as stones,
mud balls, straw, metal, glass, grass, weed seeds and other grains

may be present in the rice during harvesting and storage.

Afterwards, the husk is removed from the rice kernel to
produce brown rice. A paddy husker is used to remove the husk by
feeding rice through a small gap between two rubber rolls turning at
different speeds in opposite directions. The husk is sheared from the
brown rice while the rice paddy attempts to travel at the same speed

corresponding to the turning rollers.
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Then, germ and bran layers are removed from the brown rice,
leaving starching endosperm beneath. In a modern rice mill, a
whitener is used to remove the germ and bran layers by a
combination of cutting and tearing actions. The rice that has the husk

and bran layers removed is called milled rice or white rice.

After the rice has been milled, broken kernels and other
contaminants are removed from the whole milled grains (head rice).
Controlled amounts of broken grains and nutrients are then mixed
with the head rice as required by customers. Finally, the finish rice
product is weighed and placed into packages for transport

(Champagne, 2004).

1.4. Rice bran and oil

1.4.1. Rice bran composition

Rice bran from modern rice mills is a fine, powdery material
composed of pericarp, testa (seed coat), aleurone, germ and some
endosperm (Saunders, 1986). Typically, rice bran contains 15 - 20 %
lipids, 12 - 16 % protein, 7 - 11 % crude fibre, 34 - 52 % carbohydrate
and 7 - 10 % ash (McCaskill and Zhang, 1999). Total lipid content in
rice bran depends on variety of rice and degree of milling (Hargrove,
1994). Since rice bran is rich in lipids, it is thus a commercially

feasible feedstock for oil extraction.



CHAPTER 1 Introduction

In intact grain, rice lipids are in the aleurone and sub-aleurone
layer and germ, while lipases are dormant and localized in the testa
layer (Luh et al, 1991). Once the bran is separated from kernel
during milling, lipid and lipase come in contact, which promotes
relatively rapid hydrolysis of lipids into free fatty acids, this results in
a significant loss of triacylglycerols (TAGs) during refining of rice bran
oil. Limited availability of stabilized rice bran and high capital costs
for rice bran oil extraction have restricted the production of rice bran

oil commerciality.

Lipids in cereals are generally distinguished into starch lipids
and non-starch lipids (Morrison, 1988). The starch lipids are lipids
inside or on surface of starch granules in endosperm and are
composed mainly of monoacyl lipids. Although the starch lipids
represent a relatively small proportion of the total lipids, they are
involved in starch biosynthesis, starch degradation and are likely to
affect starch functionality (Morrison, 1988). The non-starch lipids are
the major lipids present in rice and include of membrane and
spherosome lipids (Champagne, 2004). There are two important
biological functions of lipids in cereals. First, lipids are used as
energy reserves, mainly in the form of triacylglycerols and to a lesser
extent diacylglycerols. Despite the fact that starchy endosperm is the
main energy reserve of cereal grains, triacylglycerols are also

important for sustaining the embryo before the arrival of sugar from
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the starchy endosperm during early germination. Secondly, lipids in
the form of polar lipids are structural components of cellular
membranes, which alter extensively during germination (Clarke et al.,

1983).

Lipids in rice are predominantly found in organelles called
spherosomes, also known more widely as oil bodies. Rice bran oil
bodies have an electron dense boundary as revealed by electron
micrographs. They are largest (< 1.5 um) in the aleurone layer,
followed by the subaleurone layer (< 1.0 um) and smallest (< 0.7 um)

in the embryo (Juliano, 1983).

The major composition of crude rice bran oil is neutral lipids

Table 1.1). In comparison with other vegetable oils, crude rice bran

oil tends to contain higher levels of non-triglyceride components,
most of which are removed during refining processes. Free fatty
acids, monoglycerides and diglycerides in rice bran oil are associated
with enzymatic hydrolysis. The major phospholipids in rice are
phosphatidylcholine (PC), phosphatidylethanolamine (PE), and
phosphatidylinositol (Pl) (Fujino, 1978). The relative amount of
unsaponifiable matter in rice bran oil is more than 4 %. Oryzanol, a
mixture of ferulic acid esterified with phytosterols or triterpene

alcohols comprises 2 % of the crude rice bran oil. Tocopherols and
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tocotrienols represent about 0.04 % and 0.07 % of crude rice bran oil

respectively.

Table 1.1 Composition of crude rice bran oil (Sayre and
Saunders, 1990)

Component % of total oil
Saponifiable lipids 95
Neutral lipids 85
Triglycerides 71
Diglycerides 3
Monoglycerides 5
Free fatty acids 2
Waxes 3
Glycolipids 6
Phospholipids 4
Unsaponifiable lipids 4.2
Phytosterols 1.8
Campesterol 0.51
Stigmasterol 0.27
B-Sitosterol 0.88
4-Methyl sterols 0.40
Triterpene alcohols 1.2
24-Methylene cycloartanol 0.49
Cycloartenol 0.48
Cycloartanol 0.11
Less polar compounds 0.80
Squalene 0.12
Tocopherols 0.04
Tocotrienols 0.07

Table 1.2|compares fatty acid composition of rice bran oil to

that of peanut, soybean, and cottonseed oils. It can be seen that
oleic and linoleic acids represent more than 80 % of the total fatty
acid composition. The fatty acid composition of rice bran oil is similar

to that of peanut oil, but slightly higher in saturation level than that of
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soybean oil. The low linolenic acid content of rice bran oil makes it

more stable to oxidation than soybean oil.

Table 1.2 Fatty acid composition of selected vegetable oils
(McCaskill and Zhang, 1999)

Fatty Acid Percentage
Rice Bran Peanut Soybean Cottonseed

Myristic (14:0) 0.20 - 0.20 0.80
Palmitic (16:0) 15 8.1 11 27
Stearic (18:0) 1.9 1.5 3.9 2.0
Oleic (18:1) 42 50 23 18
Linoleic (18:2) 39 35 51 50
Linolenic (18:3) 1.1 - 6.8 -
Arachidic (20:0) 0.50 1.1 0.20 0.30
Behenic (22:0) 0.20 2.1 0.10 -

1.4.2. Rice bran oil processing

Processing of rice bran oil has some special features
compared with other vegetable oils. The rice bran oil processing can

be divided into two main parts; extraction of crude rice bran oil and

refining process a